Three types of residue from Arabian crude were blown in a 150l capacity pilot vertical converter and no scale effect was found for the same stock when the distilled oil was totally refluxed.
of the asphalt manufacturers in the foreign countries and in our country2),3).
To increase contact area, consideration should be given to designs of nozzle and air distributors1),4),5),6). Since the velocity constant of gas absorption depends upon the nature of blowing stock, reaction temperature, air rate, and catalyser, many problems have to be solved by future research to attain maximum efficiency in industrial converters.
Apparatus and Operation
The flow-sheet of the vertical converter used in this investigation is shown in Fig. 1 . In the operation, motor oil is circulated from heating tank (C) to storage tank (D) through jacket (B) and cooler (F) to maintain the temperature of reactor (A) at a desired temperature.
When the desired temperature is reached, vacuum residuum, previously heated in a pre-heating tank, is charged through the opening at the top by charge pump (I). After measuring the charged volume by measuring scale, air is blown into the reactor by air compressor (G). Temperature rise in asphalt due to reaction is controlled by manually adjusting the electric heater in the heating tank (C).
Samples are removed periodically by sample cock, attached in the middle of the reactor, and penetration, softening point, ductility and specific gravity are measured.
Oxygen con- As shown in this example, the content of CO+CO2 is less than 1% if the oil and water in exhaust gas are separated by condensation. The rate of oxygen consumption C(%) can be calculated from the following equation neglecting the content of CO+CO2:
Here, X and Y are oxygen and nitrogen content (vol. %) in exhaust gas respectively.
The distilled oil carried out in exhaust gas Vol. 2 (1960) 
Control of Reaction Temperature by Water Injection
Blowing reaction is exothermic, and the heat of reaction should be removed to keep the reaction temperature constant. Many methods to attain this purpose have been discussed, and they are divided generally into direct and indirect methods.
In the indirect methods the thermal conduction of the cooling tubes are reduced due to asphaltic or carbonaceous matters fixing on their surfaces.
A direct method in which water is injected directly in blowing asphalts has been proposed in 19355). Its operation data, however, could not be found.
Some manufacturers adopt such system as spraying water in vapor zone or on the surface of blowing asphalts3),12),13). In this paper the authors will report the results of direct injection of water into blowing asphalts.
Preliminary experiments were made in two small vessels of 200 and 2,000cc charge capacities, using some heavy residua and blown asphalts.
The limiting velocities of water injection into the charges were determined by varying the injection speeds and nozzle sizes. When the injection speed exceeds a definite velocity for fixed size of nozzle and charges, sudden vaporization of water droplets causes abrupt rise of the asphalt level in vessels.
A copper tube was fixed in such a position that the opening would be immersed in the upper part of the blowing asphalt.
An automatic temperature controller was inserted in By direct injection of water into blowing asphalts, the reaction temperature can be controlled efficiently and operation trouble will not occur providing proper size nozzle are selected and injection rate of water are kept below its limiting velocity for each blowing stock.
By utilizing the proposed rapid method of determining the softening point, the penetration of asphalt can be predicted in short time while the asphalt is being blown by referring to the P. I. diagram previously prepared from the same stock. This method greatly facilitates the control of blown asphalt production.
